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ABSTRACT —

The present study devised a computerized
assignment-by-preference algorithm for a ninth-grade exploratory
curriculum. The problem addressed was one of maximally mapping all
students into 8 of 12 vocational programs in terms of their
preferences for studying each of the programs and the assignment

il restrictions established by the school. To minimize the errors of
misplacement and produce a successful algoritha for the problen
faced, it was found that a procedure had to be devised which both
individually+referenced and group-referenced students' progranm
‘preferences into one meaningful statistic. In general terms, this
problem was one of combining bipolar data so that every plus-minus
combination produced a unique scale point. The values of this latter
scale made it possible to determine which students should be assigned
to what programs under the criteria specified. Once all students were
assigned to programs, this same scaling procedure was used to develop

. a séquence statistic which allowed programs to be maximally ordered
for those students most likely to be affected by this variable.
Twelve percent of the student body (N=440) expressed dissatisfaction
with the program assignments they received. Interviews, however,
revealed that most of these students misunderstood the restrictions
governing assignmgnts. (Author)

.

********************45**************************************************

Documents acquired by ERIC include many informal unpublished *

* materials not available from other sources. ERIC makes every effort *
* to obtain the best copy available. nevertheless, items of marginal *
* reproducibility are often encountered and this affects the quality *
* of 'the microfiche and hardcopy reproductipns ERIC makes available *
".* via the ERIC pocument Reproduction Servi€e (EDRS). EDRS is not *
* responsibleé for the gquality of the orifinal document. Reproductions *
* *
* *

supplied by EDRS are the best that can be made from the original.
e o o o ok o o ok ok oo ok ek oe ok o oo ko s ok o ok e o ek ok o o ek ok ok ok o sk e o e e sk sk ke k3 o sk sk e sk o e ok ek ok




'.‘i & - < -t ) ) . R l:\ - i

e e s

PERMISSION TO REPRODUCE THIS COPY.
RGHTED MATERIAL HAS BEEN GRANTED BY

US DEPARTMENT OF HEALTH. - ) ~ - - .
AT O Tore OF SCALING PREFERENCE DATA FOR PROGRAM ASSIGNMENTS

NATIONAL INSTITUTE OF
EOVUCATION ro e >

THIS DOCUMENT HAS BEEN REPRO

. DUCED EXACTLY A% RECEIVED FROM ) - o « "o

TME PERSON OR ORGANIZATION ORIGIN , UNDE! Mos euemsE wm" mm""

ATING IT POINTS OF VIEw OR OPINIONS STITYTE umno“me .mm,m 0o-

STATED DO NOT "féf.ii‘.‘f.'s%ﬁsy?:s mwmﬂes Oms!-oe Q;ERMCE ‘":‘
ATY _PERMISSON

EouCATION POS James Carifio, Boston University ONNER corme

EDUCATION POSITION OR POLICY

.The present study devised an assignment-by-preference algoritim for a
ninth-grade exploratory vocational gurriculum. This.curriculum offered 12
different five-week programs, 8 of which the student had tp explore during
the course of the 40-week school years These 12 programs were grouped into
4 basic categories (3 of the 12 in each), and a student's assigyments to
programs were restrictdd in that he had to explore at least one program in
each of the 4 basic categories devised by the school during the course of
the year. Therefore, although the problem was assigning a student to the
8 programs he is most interested in pursuing,”4 of these 8 programs had to
meet the "one from each of the basic areas" requirement. In addition to )
the basic parameters just defined, the school requested that.once 8 programs '
had been assigned to a student, these programs were to be optimally sequenced
for that student in terms of his pre-entry achievement and affective profile.
Lastly, there was also a restriction that no more than 40 or less than 36
students be in any one program during any 5-week cycle. )

It was found that to minimize the errors of misplacement and produce
a successful algorithm for the problem outlined above, a procedure had to
be devised which both individually-referenced and group-referenced students®
program preferences into ome meaningful statistic. In general terms, this
problem was one of combining bipolar data so that every plus-minus combina-
tion produced a unique scale point. The values_of this latter scale made
it possible to determine whi¢h students should be assigned to what programs
v under the criteria specifieds Once all students were assigned to programs,
this same scaling procedure was uded to develop a sequence statistic ‘which
allowed programs to be maximally ordered for those students most likely to
be affected by this variable.. '
Data were collected from 440 students in the present study. Both raw
and scaled preference scores proved to be approximately interval and linear.
Twelve percent of the population expressed dissatisfaction with the program
assignments they were given by the algorithm used. Interviews, however, re-
vealed that most of these students were displeased because they misunderstood
the nature of the problem. Some of these students thought that they only had
to study those programs they wished to study (i.e«, 2 or 3 for the year),
m while others were unaware of the basic requirements restrictions. Once the
problem was understood by these students, their assignments seemed to make
sense to them, This source of invalidity, howeVer, must be attended to more

‘closely in future used of the algorithm.
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It may be argued that one of the major criteria for assigning a student -
to a given vocational program should be that student's Enterest in or prefer- ) .
ence for the proéram, particularly if the program is egglorétoiy in nature.
A large number of studies have shown that high school and/or college interest
is the best predictor of long-term vocational ;hoice (see Ber&ie, 19603 . '
Kahout and R;thney, 19643 and Campbell, 1965). Other studies, however,ghave_'
_shown that approximately 80% of the population switches careers within five -

years of graduation (Gross, 1967; Flanagan et al., 1971). Since career switch-

ing in the latter studies was found to be relatively independent of aptitude

and post~training levels of achievement, the "interestJdetermination-of-choice"‘ /

stdge of the vocational development process would seem to be occurring in the

marketplace rather than in the classroom.1 The implementation of an éssign~ //

-

ment-by-preference policy, therefore, might not only transfer elements of

4

/
chis process back to the classroom where vocational theorists tell us this /

selective-adaptive stage of developmént to a large degree beIongs,(Super,/1§6§;

Tiedeman and O'Hara, 19633 Crites, 1968; and Holland, 1970), but it might also g
help to maximize the impact that schools and guidance sérvicgs have on the - -
career development a;d decision-making prokess. ;

In reality, an assignmént-by-preference policy would not be as unbounded

as it might appear to be, particularly at the exploratory program level. As

1

A Approaching this issue from another direction, Greenberg and Green-
berg _(1974) found that approximately 80% of the population in business and
industrial settings were either misemployed or underemployed. As misemploy-
ment and underemployment were found to be independent of aptitude and post-
training levels of achievement in this study, these researchers interpreted
their findings as being an indication of thg small role interests or abili-
ties play in the assignment of people to jobs or training programs in these
settings. )

]
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discovery learning proved to be less effective than guided discovery learn-
‘:f
ing (Wittrock and Wiley, 1970), S0 one would expect guided exploration to-

Ll ~

be more conducive to vocational development than unfettered exploration,

Students, thbrefore; would most iikely be :equired to study at least onc
program from basic groupinés of programs duriné}their.first year of train-
ing, so thet some type of balanced exploration ;Zuld be achieveds From thie
vantage point, those programs the student was still interested in would be.

pursued in greater depth, and there would be an option for exploring n

programs as alternatives to those which proved to be unsatisfactory career

paths., Over thehyeérs, students would become highly trained in one or more
- .
areas via thig selective-adaptive process, and minimally trained in others

as they progressively re-examined, differentiated, and narrowed their choice

of programs.* The'gurded exploration concept, therefore, not only facilitates
the' development of skrlls in related vocetional areas, but it also facili-
tates a flexibility dn eareer paths for students due to the acquisition of
oasic prior training in‘several different .vocational areas..

To the best of this writer's knowiedge; preference is not actually used

2

" as the major criterion for assigning students to exploratory programs in any
systematic .of meaniﬁgful waye The purpose of the present stddy, thén, was
to work out such an assigmment procedure for a ninth grade exploratory pro-

gram, ‘and it 1is this procedure as well as the results that it produced that

will be reported in this paper. . E

°
P

> .
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~ The Problem . ' ’ .
’ . ] AY »
The present study was conducted at a regional vocational~-technical
. 4 ’ . . -~
. A
A ._ » ¢
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high school in eastern Mass§6husetts.1 The ninth grade curriculum of this
e school offered 12 different five-week programs, B of which the student had

to exploré during the course of the fo;ty week school year.2 These twelve \ .

programs were grouped into‘z basic categories (see Figure 1), and a s;udenf

had to explore at least one program from each of the four basic categories

during the course of the year. Therefore, although the problem was/one of

assigning a student to the 8 programs he most preferred, 4 of these 8 programs

Categofz I Category 11 Category 111 © Category IV
Culinary Arts Commercial Arts Electronics Building Trades
Health Services Graphigcs Instrumentation Metal Fabrication
Horticulture Distributive Power Mechanics . Machine

Education

Id

'Figure 1: Basic Categories from which Students must Explore at least one Program.

had to satisfy this "one from each of the basic categories' requirement. In .
addition to the parametefs just defined, the school further requested that once

8 programs had been assigned to a student, these 8 programs were then to be

-~

optimally sequenced for that student in terms of his pre-entry achievement and

——— . — -

affective profile. Lastly, there was also a restriction that no more than 40

Students be in any one program during any given five-week period, /and that some e

“type of flexibility be built into the solution for specigl-need students. The

.

1This writer woyld like to thank the Minuteman Regional Vocational-Technical High
School for their cooperation and support of this research./ He would also like
to thank Superintendant Samuel S. Sains for his continual encouragement in tHis
project and for his commitment to implement educational fhnovation.

~—

) ; ‘ .
All programs were offered on a repeating basi% (every £ive weeks) over the
» courge of the school year. / ’




curriculum just described is prototypical of ninth-grade exploratory programs,

as are the set of restrictions under which an assignment-by-preference algor-

L

ithm must be derived. .
N <L

S
Discussion of the Problem

Given the problem and restrictions outlined above, the construction o§
a workable assignment-by-preferénce algorithm seemed to be dependent upon
gseveral factors. The first of these factors was the supplyﬁgemand probléﬁ.
Only 67% of the student populationecould be hsg;gned to a given program
ovef the course of the year. Conversely, only 33% could avoid assignment.
Obvibusly then, the.gggr;e of fit any algorithm could produce under such

¢

conditions would be dependent upon the naéure of the population to be as-

signed ;nd the flexibility of the restraining parametgerSo1 Given thatuﬁhé
school employed in the present study had .a semi-open admissions policy where
. 80% of the student population was admitted by random selection, preference
distributions could be expected to be highly skewed, since there4was no
"control at the-door! of this variable. An equitable procedure for dealing
with this supply-demand'problem, therefore, had to be devised if a solution
to the problem was to be obtained. . é

The second factor a workable assiiqment-by-preference algorithm seemed

to be dependent upon was the way in which student preferences were measured.

There is a large “amount of literature concerning the differences between

1

1 The degree of fit produced by any algorithm, therefore, can be ex-
pected to vary from group to group and situation to situation. ~ It should
be noted, however, that if the algorithm employed produces the best fit in
terms of the restraining parameters, then one cannot improve upon. the solution
the algorithm provides without altering the nature of the restraining parameters.




directly eggressed.interests and inventoried interests (see Super, 1957;
Super and Critecs, 1962; and Campbell, 1965). Inventoried interests in the -
form °f£f§e Strong or the Kuder snrvey were originally considered to be
the more val.d and generalizable of the two modes, but more recent studies
have shown that.directly expressed interests have equal if not better pre-
dictive validity (Cooley, 19665 Holland and Lutz, 19673 Dolliver, 1969;
and Fianagan et al., 1971). . Correlations between the two modes have al-
ways ranged from moderate to high (Whitney, 19?9), but reflection on the
issue should lead one to conclude that inventoried interests such as the
Kuder or the Strong survey would not be very useful for assigning students
to programs by preference, since one wouId be confronted with the probiem
of mapping generalized inventory scores (or prof11es) to specific programs
in a valid way. This mappjing task would not only be difficult to do, but
also highly errorful given the range of correlations that are continually
. observed between.the variables involved. This writer, therefore, chose :5

use expressed preferences as the mode of measurement in the present study.

This decision, however, only resolved the problem of what was to be meastired.

The question of how expressed preferences should be measured is somewhat

more complicated than the issue discussed above. Preference is most typically
measured by some type of forced comparison (ranking) technique €Guilford, 1954;
Edwards, 19563 Torgeson, 1958; Bock and Jones, 1968). These nrocedures ranée
from very simple to quite complex techniques with the power (quality and use-
fulness) of the resulting data being a function of the sophistication of the
technique. Complex Lomparative techniques are most commonly used in meaeur-

ing preferences because the data obtained by these techniques can be inter-

valized and an equal unit scale constructed for the stimuli. As will be

=5




pointed out in greater detail later in this paper, ranking procedures will
not produce a good solution to the assignment-by-preference probiem becauée

they do not allow the relative degree of program preferences to be expressed

™

by students in a way that makes it possible to shf that student A prefeus
proéram X more than studeng B does, given the fact that both students prefer
program X over program Y. Such statements are not only essential to the
solution of the problem but almost manéﬁtory since it is non-differentiation
(ties in preferences) that mitigate most against correct (non-errorful) as-
signments of students to programs.1 Given this point, a categorical measur-
ing procedure was therefore chosen for use in the present study which allowed

students to directly express their degree of preference for assignment to

each program. Whether or not this procedure produces interval data (which

it came vary close to doing naturally) is completely irrelevant to the as-
signment~by-preference algorithm devised, since it is only the rank order of
the queues for programs that is important to the sol\ution.2 More will be

<

said on this point later, but it is interesting to note that the most recent

1 At the more mundane level, one must also remember that one .is at-
tempting to assign ninth-grade students to eight of twelve programs, and
that paired or multiple rank comparisons would not only tend to be exces-
sive in this situation, but they would also most probably tend to lack
face validity with such young and eager students. Simpler ranking proce-
dures, of course, would be almost totally incapable of even approximating
the poor solution to the problem that paired or multiple rank ordering éechr
niques would provide. ‘

.2 The intervality of the rgg data would be an impertant issue if the
. mechanics of the scaling procedures to be reported in this paper were to be
used in other types of situations such as scoring dependent variables in
‘experimentation. As the data to be scaled by thé procedures to be reported
in this paper can be intervalized beforehand (see Edwards, 1956, or Torge-~
son, 1958), this point is no problem, since this first-order scaling may
be applied before the second-order scaling 1s carried put.




attempts to measure vocational interests have also chosen to employ some type
of categorical procedure (see Fldnagan and Cooley, 19665 and Madéhé and
O'Hara, 1968).

The third and most crucial factor a workable assigmnment~-by~preference
algorithm see;ed to be dependent upon was the development of a new kind of
scaling procedure. This scaling procedure had to index student.preferences
S0 th;t the psychological dimensioné inherent in these preferences were ex-
pressed and the logical propertiés needed for maéing the right ass%gnment N

.

decisions about each student were also obtained. What needed to be scaled,

. v .
then, were students and not stimuli or categories.1 Although the procedure

arrived upon was more a produgt of logic-in-use than anything else, it is

~ t

somewhat reminiscent of Coombs! unfolding techniqué (Coombs, 1964). Tﬂe
procedure is substantially different from Coombs' techhique, however, in

that it d;sregardb the scaling of stimuli and categories as being of any

real importance and concentrates on fhe scaling of students for, decision-
making b;rposes. "Aside frqm producing a way to meaningfully index bipolar
data, this writer feels tha; there is heuristic value in the procedure de-
vised, since it began with the requirements of the problem and then proceeded

to construct the statistic needed for a solution rather than the other way

4

around.’ '
Given that the relative degree of student program preferences can be

obtained and meaningfully scaled, two more components were needed for a solu~

ti;p to gﬁe problem initially posed in this paper beside the actual assign-

ment algorithm itseiﬁ. The first of these components was a ngies of computer
/ ’

1 Data transformation or indexing technique might be a more appropriate
name for the procedurz devised by this writer, but the question-seems to be
moot since the technique not only draws upon the literature of scaling, but
also attempts to cope with the same kind of problem in a different way.

.




k
programs which will scale the data obtained and then actually carry out the

assignment process according to the flexible algorithm devised.1 A flexible -

algorithm is needed because various options have to be open for use due to ;
the degree-of-fit factor diécussed earlier. These options will be discussed ‘ \
. more fully in the body of this paper, but they essentially boil down to a -

i

set of procedures for obtaining the best fit for the data at haﬁd, given
extremezskewing and inequitable demands for programs within basic categories.
The school at which the present study was'cond&cted, }t will be recalled,
. requested that programs be optimally sequenced for studenté in terms of .

their entering achievement and affective profiles. The last component need-

ed for a solution, then, was a procedure for effecting this reques;.2 An

analysis\kf the sequencing specifications provided by the school revealed
that ideal program patterns could be worked out for only a fixed number
of students. An index, therefore, which indicated the order in which
students should be scheduled had to be copstructed to achieve an optim- '

' izing solution. The requirements of thig index, it tur;ed out, were iden-

tical to those of the assignmeﬁt index described earlier. The same scaling

These programs have been developed and are available in standard FORTRAN
compatible with the IBM 360/170. Readers interested in further information
about these programs should contact this writer at Boston University's,
Educational Research Laboratory. This writer would like to thank Mr. Norman
Goldman of Compunetics for writing the last four programs in this series since -
this project could not have been completed without his expert and timely help.

- 2 The reader will note that this component is not part of or required for a
workable assignment-by-preference algorithm. It is the last component needed
to solve the preblem as posed by the school at which the present study was
conducted. ) )

-~
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ptocedure, therefore, was also applicable to this problem. It was realized, |

however, that a point would be reached where students’could be ( or “would T

¢

have to be ) sequeﬂbed into the remaining tracks available, and'provisions
for this loss in degrees of freedom were built- into Ehe\computef program,
written, It is from the vantage point of this discussion, then, that the

details of the assignment-by-preference algorithm devised'may be presented,

The Solution i .
r

The mechanics of the assignment-by-preference algorithm devised in the

present study hinge first on measurement and then on composite-score scale
construction. As previously mentioned, prefere;ce ié most typically rieas-
ured.by some type of ranking procedure. Ranking procedufes, howirer, do

not allow one to know whether a student is relatively positive or negative

towards any.or all of the objects in the set being considered. Ranking pro- B
cedures ;lso do not allow one to know the relative ézéree ;f a student's .
;preference for any one object in a set in terﬁg-df hi's p{é?erences foa,sther
Kbbjects in the set. Both of these factors aré,iméagtant psycgologiéal con-

sidgfations which need to be taken into account in9assignin§'a student to L*aj )

one ‘program as gpposed to another. Thereforé;'a procedure ;hich allows the

relative degree of preferences for programs to be expressed by each student

\

is e3sential for a solution to the assignment-by-preference problem., Such

-

* a preference score was obtained on each program from each student in the

present study by a "stem-and-scale'' set-up like the example given in Figure 2,

- . (
. . o




) \ Horticulturé . 4 - ..
\\Jfﬁﬁnth-gfade students who choose the five-ﬁeek introductory Hortigu! ture
" program will grow a wide variety of plants, such as: flowers, fruits, vege-~
tables, and orhamgntal plants. Instruc;ion will be given in floral design,’
1and§capé des;gn, and merchandising plant maferials. Students will be taught .
safe use of tools, equipment and chemicals in commerical hortitulture and
) commerical gardening. Learning experie 2s will occur in the greenhodse,

retail Elorist shop, and on the ool grounds,
. . ™ -

Not at all ) ' ) Extremely ’
Interested ' Interested

L ¢

Figure 2: Example of Categorical Procedure Used to Measure Students' .
_Preferences for Programs. . ! .

-

As can be seen from Figure 2, the stem‘of the set-up used in the present

e e e e e

study was a paragraph which described what a particular vocational program

i
WQfld be like during the ninth-grade year. The scale was a zero-to-ten point

-4 ’ . - .
anchored rating continuum located beneath the paragraph. A student expressed - e
) K . . \ N

his degree of preéeréncq for studying the pfogfam described in the paragraph

"by making a slasﬂ (ljlon the scaledi? the appropriate placé.1 As the %ero-
. ¢ / .

to-ten point scall beneath é&éh paragraph.was a hundred millimeter line,

A
¢

U V ¢y, -\ . - .

\ Y f

! welve such pgragraphs and scales were prestnted sequentially to
each student in the same order in a booklet. .

‘ —




.Jpreference scores of 52, 96, 21, 8 and so on were obtainable for each
student on each program by th¥§ pro&edure:i T
Extensive pri;r training.was given fo étudents in the use of the rating
scale shown in Figure 2. This training consisted of 110 attitudinal and
self-concept items which emplayed the scale shown in Figure 2 as the mode of 1
response.2\ Training was given in a testing session that occu;;éd at least one
week prior to the collection of'the preferé;ce data itself.3 An orientation
program was also built into this first testing session which.told students |

: #
about each of the programs they could pursue, and students were urged to discuss

their choice of programs with their parents prior to the next testing session.

~

Preference data was then collected at the next testing session, and a retest
& -

on this data was conducted for a sybsample of 50 people at varying intervals.

«

! some minor modifications (additional scale anchors and a grouping together
of programs that form a category) have been made to the set up just described
in this yeatr's implementation of the procedure. See the conclusion section
‘of this,paper for fprther details. - R

?

ZThis amount of training was completel; fortuitous and;is, of course, not
requisite for use of this scale. Some practice with this scale prior to its
use in gathering program preference data is recommended, %pwever, so that
studénts will be thoroughly familiar with the procedure af that time.

Dita were gathered on a number of variables from 440 students in 12
different towns according to variable collection schedules in the present
study. , Collection occurred over a, five week.period (May to June, 1974) and
students participated in 3 testing sessions which were at least one Wweek
apart. » ' - S

) - Cy .
To 'aid students and parents. in this process, a flyer wafﬁbassed out at
the end of the first testing session,gwhich contained the exact paragraph ‘Lo
descriptions of programs that would be seen at the time thg preference data
was collected. The purpose of this flyer was to provide a medium of inter-
action that would elicit any specific questions students or parents had about
ninth grade programs. An additional purpose was to ensure thag students were
Efmiliar with the program descriptions. . .

-
13
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Obviously, the nature of the data obtained by the cateéorical Aeas-
uring pr;cedure outlined above is the outstaﬁding'question at this point.
fable I pxesents the reliabiliﬁy coefficients for the program preference
data collected in the present study. As can be seen from Table I, the
test-retest reliability coefficients.ranged from + .86 to + .93 with the

~median coefficient being + .89.‘1 Although these test-réteé; coefficients

are somewhat inflated due to sample size, they Qre high enough to allow

instability of preferences to be ruled out as a potential problem.

An intraclass correlation coefficient was also computed on the test-

retest data obtained in the present study to see if the order of studTnts'

preferences for programs remained stable over time. As can be seen from
Table I, the intraclass coefficient was observed to be +.91. Again taking’

sample size into account, the value of this coefficient is high enough to

-

allow instability in the order of student program preferences to be ruled .

out as a possible problem.with either the measurement procedure employed
v

in the present study, or the assignment algorithm devised.
¢

’ A Chronbach Alpha coefficient was computed for th entire sample employed
in the present ﬁthdy to see if the program preference data collected was int-
ernallX?Consisteﬁt. As can be seen from Table‘I, the Alpha co;ffidient was
Observed to be +.85. Given the number of items and the size of the sample,

!

" the value of this coefficient was high enough to conclude that systematic

. 2 N
patterns of choice were present in the data.” Further analyses were therefore

Pearson product moment correlations were computed as the data
proved to be sufficiently interval and 1linear. :

Systematic choices patterns are not a required characteristic of the
data for the ?ssignment algorithm devised. '

-12-




fable 1
? Reliability Coefficients for Program Preferenq? Data
. _ A
J ol
.Y Al
Program Time 1 ‘ Time 2% rtt** , %
n- X ] X ]
Culinary Arts 50 61.4 31.6 62.’* 30.5 .92 .
‘ S g |
Health Services 50 44,6 34,6 - 53@5 ‘%533v4 «90
- . L <
Horticulture | 50 51.1 35,3 49,7 36,1 ° .86
' WX
Commercial Arts 50  45.6  31.5 44,2 33,7 .86 d
Distributive’ 50  65.0 28,5 66,1  27.2 91
Education .
Graphics 50 553 29,9 53.9 31.8 «88
- Electronics 50 65.0  31.1 66,7  33.7 Y
Instrumentation 50 49.8 31.0 47.1 32.3 «87
2F .
Power Mechanics 50 72,0  30.3 . 73.4 29.4 91 i
) N
Building Tradei,///) 50. 75.8 27.7 77.1 2642 094 ’ .
‘ ¥
Metals Fabrication 50 = 72.7  29.1 74,3 27.6 .90
Machine * 50 67.3 30.1 66.7  31.3 .88
............... L R D e Ll L Ll T .| S S
Coefficient Alpha (time 1) = .85 (N=440) median .89
Intraclass Correlation Goefficient (time 1/ time 2) = ,91 (N=50) -
* at least one-week intefval between testings ’ .

%% Pearson Product Moment Coefficients




done to clarify the nature of these systematic choice patterns.1 These
analyses revealed that traditional sex-role stereotyping was the most
dominant factor in the determination of preference profiles. This finding
is not only consistent with the literature in this area (Baily;,1957; Clark,
19673 and Seigal, 1973), but supportive of several decisions made at various
points in the assignment a1go£ithm devised.

1 Figure 3 presents a plot of male and female preference profiles. ‘
Table II presents the correlation matrix ;ssqciated wigp Figure 3, a?d
Table III presents the overall distributions of preferences for programs.

As can be seen from Table I1I, preferences for programs were moderately to
highly correlated with each other. As c¢an be seen from Figure 3, sex was

the variable that would most account for the patterns of correlation coeff-

icients that are_given in Table II. Table III in relationship to Table II
provides a great deél of evidence to support many of the arguments previously
made, but the point to be noted at this time is that program preferences |
were as skewed and as variable.as they were expected to be. Further in-
formation on the validity of the preference measuré)used in the present

study will be givén later in this péper.

1 The full details of these analyses are reported in the results
- section of this paper.

-
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Table II

P »
ﬂ.{‘_ . P?eferencés.and Sex Intercorgelation Matrix

CA HS ® © DE G EL IN PM BT MF M
Sex 37 65 42 42 29 20 -45 -08 64 =38 -62 -51
CA 46 43 28 4 18 -14 00 -19 01 -15 -10
HS ) 4 39 37 21 -24 04 -40 -17 -35 -26
HO 30 28 20 -13 04 <16 . 02 -14 -06
co 30 39 -15 12 -20 -08 -16 -13
DE 22 01 17 -08 06 -10 -03
&R - 18 25 03 08 12 09
EL W 56 35 58 45
™ 26 19 23 26
PM 41 68 59
mo o a
MF 67 .

-------------------------------------------- reeccccnccdcce e ca T oD oo oo -

CA =.Culinary Arts
HS = Health Services
HO = Horticulture

|
CO = Commercial Arts

DE = Distributive Education

GR
EL

\

IN

correlations observed.

2 for females in the present stud

Graphics
Electronics

Instrumentation

+ The reader should note that the séx variable was scored 1 for males and

v

-

‘

..-"’\u"

PM = PM Mechanics
BT = Building Trades
MF = ﬁetals Fabrication

M = Machine

------------------------- e e L T R E XX gy AR

-

L
ys thus explaining. the .direction of the -

1
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) Table III
“ . LS .

Distributions of Program Preferences

~

’
H
r

Mean* Median St. Dev. Skewness. Kurtosis

Brograms \ N
i.

Qulinary Arts 440 61.39  63.74 31,659 10,488  -0.927

Health Serivces 440 44,63 42,11 34,611 "T‘g.:ma -1.295

Horticulture 440 51,06 45.01  35.303  -f075  -1.173

Commercial Arts 440 45/.60 46,11 31,462 . 0,139  -1.073 o
Distributive 450 64,99 68,92 28,549  -0.580:  -0.614 ‘
Education .

Graphics 440 55.32 55,12 - 20.857°  -0.317.  -0.885

Electronics 440 65,00 71,17 31,077  -0.626  -0.745
Instrumentation 440 49,76 55.39 T31.020 ~0.,060 l£f71.073 ’
Power Mechanics 440 . 71.98 76,01 30,262  -0.983 'e,‘e.1oo

4 s
Building Trades 440 T 75.77 81,46 27.692  -1.234 c';ﬁgzé

. >
e

Metals Fabrication 440 72,71  77.h2  29.124  -1,038  0.640

t > et

. ‘ L
" Machine ‘ 440  67.33  75.86 30,128  --0.772  -0.446;
’ g

Al hd

* Scores on all distributions were qpsérxed to range from zero to one hundred,

| o

-'17- ‘ 19
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The degree to which the categorical measuring procedure used in the
present study succeeded in obtaining interval data was tested by the method

of successive intervals (Edwards, 1956; Bock and Jones, 1968).1 Using the

" upper-limit cumulative frequencies for the ten categories involved, the app-

ropriate P, Z, and W matrices were "generated for the -total sample as well as

'

for males and females separately. These W matrices were then‘column-averaged
to produce the empirical estimates of category widths. These estimates are

.

4

Table IV *

.

Empirical Estimates of Category Widths

Categories
0-1 1-2 223 3«4 45 5.6  6-7 = 7-8

Males - . .
(N= 342) 027 020 025 024 026 021 026 .26

Females : , B
(N = 98) «20 «16 .19 24 31 23 30 JE 33
Total ¥

(N = 440) .26 .20 .21 .23 .25 .20 .23 .30

\ e
N

Cumulative Values

Males 27 AT W72 W96 1422 1.43 1,69 2.04
) : '

Fem.ales 020 037 056 080 1.11 1034 1064 1097

Total _26 43 .64 .87 1,12 1.32 1,55  1.85

1 As previously mentioned, the intervalness of thé’data obtained is
only important in terms of other uses of the scaling procedure outlined in
this paper. As far as the assignment algor devised is concerned, the
scaling procedure needs only to achieve the chgrect rank order of students
for progranms.
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presented in Tgble TV, Ks.can be seen from Table 1V, the category values

’

for the total sample are approximately equal-unit widths with the exception

of the last category given in the table.1 Although females seem to contri-
bute more to the variabpility in overall_categor& widths than mal%s,lhis

result is due more to sample size and normalcy violations than anything else.2

\

Therefore, as the raw preference scores collected 'in this study so closely
. . u
approximated equal-unit data, they were not intervalized in the present in-

stance, although this most certainly could be done given the need or pre-

dilection.

-

The degree to which the categorical measuring procedure used in the

present study succeeded in obtaining linear data was tested by the graphic

application of the Normit Chiesquare procedure (Bock and Jones, 1968). Ob-
’ \v 4
served cumulative percentages were plotted on normal probability paper using
)
the empirically determined category widths as the boundary valuess A best-

fit line was then drawn in and expeefed percentages estimated from this line.
These estimated percentages were ehen used élong with.the observed percent-
ages to cehpute goodness-of-£it Chi-squares by the proceeure outlipeg in

Bock and Jones (1968). Table V pfesents-these Chi-seuares for t@eléotal
sample as yell as'for males and females séperately. 'As can be gﬁen‘fgom Table

‘v

V, the male data conforms well to a linear model with the female and total sample

1 The widths of categories 8-9 and 9-10 cannot be estimated as the
9-10 category is unbounded (p equally infinitely). It should also be noted
that the size of the intervals given in Table III is arbitrary and may be
multiplied by a constant 1if so desired. .

\
N\

2Since the method of .successive intervals assumes’a normalcy of pref-
erence distributions in the generation of the Z matrix, the varigbility in
category widths observed in Table IV are to a degree the product of the
averaging of the transformed z-values across the categories of skewed
&istributions. /

;




Chi-squares for Goodness of Linear Fit =«

Table V.

¢

@
Program Males Females Iotal | as
(N=342) (N=98) (N=440)
Culinary Arts ‘ 1.22 405 3.08 2
Health Services 4,25 8.12 6445 2
>
Horticulture 4,22 5091 14,72% 2
Commercial Arts 10. 61% 7.2 18,76% 2
Distributive 10,45% 15,57* 12,90% 2
Education .
Graphics 6.67 T 24,37 7415 2
ElectropiCS 734 “ 9,69% 3.68 2
F * !
Instrumentation ¢ 11.1% 6.57 5661 ' 2
" Power Mechanics - . 7.58 6,45 \ 9,74 2
Building Trades ?& 21, 7% 2.33 10,53% 2
-’:hv .
Metals Fabrication 4,77 3.14 3.30 2
Machine - . 3.5 10,3 1% 8.36%" 2
) .
TOTAL 93.41 104,16% 104, 58% 66

---------- - - - - - - - - - - .- - - - - - - - - - - -
.

[y

* p » .01, the recommended significance level for this test.
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data being only slightly deviant.1 However, as the Normit procedure is
extremely cohservative and somewhat sensitive to skewing, it is suggested by
Bock and Jones (1968) that the observéd deviations should be quite large
before they are considered to be truly significant. Therefore, it would seem

that the program preference_data collected in the present study is suffic-
iently linear to rule this factor out as a problem.? Consequently, no type
of linearization was performed on this preference data before scaling it.

Given the evidence that has been presented, it would seem warranted to

conclude that the categorical measuring procedure used in the present study

' succeeded in obtaining suitable data. Tables IV and V show that the data

obtained was approximately interval and linear. Table I shows that the data
oétained was highly reliable and internally consistent. A close examiﬁation

of Tables II and III will show that the arguments that were made in advocating
the use of a categorical measuring p&ocedure are ;upported. In group terms,
the distances between program means in Table III are not equals Given the

size of the correlations in Table II; the standard deviations given in Table
II1 are large enough to support the contention that substantial preference
gyéférences'do exist between students who have th% same rank orderings of

program§.3 Again, the magnitude of the group means given in Table III indi-

cates that students are not as negatively disposed towards the middle ranked

! The actual plots of the'data showed that observed departures from
linearity tended to occur as a result of discontinuity in the uppermost or
lowermost categories, of the scale. )

2 In order to double check this point, the Normit Chi-squares were
recalculated by the procedures previously described using equal-unit esti-
mates as category boundaries since this was the type 6f scale that students
actually responded to when expressing their preferences. 1In all except
three instances, non-significant Chi-squares were obtained.q/

3 A detailed checking of the data obviously confirmed this fact. -

.
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piograms as one might be lead to believe in the absence of relative estimates.

. of preference. Given these findings then, the question of meaningfully in-

dexing this preference data can be addressed with the knowledge that the

foundations upon which it rests are sound.

[

As previously stated, scaling student preferences so that correct program
assignments could be made was the central and most difficult problem encountered

in the present study. Alfhough explainable in a number of different ways, the

-nature of this problem and the logic used iq/;olﬁing it can best be understood

by considering what various raw préference scores could mean for students.

Subpose a student had a raw preference'scote of 40 for some program.1 A
raw prefereﬁce score of 40 maymot be as low as it might appear to be in terms
of this student's expressed desire for the program. If this student's prefer-
ences for all other programs were below 40, .for exaqple, then His preference
for the "40 score' program would be extremely high relative to his other choices.
1f tﬁis were indeed the ;a s then this studeng‘would most desire‘assignment to
the "40 icore" program, since this is the program for which he has the greatest
expressed affinity.

Obviously, the converse of the“ébovg poi#é could be true for a student
who had a preference score of 80 for soqe‘program- A raw preference score of
80 could be the lowest score in thislstudent';hgtring of scores. If this were
indeed the case, tLen one could say that this student would be less disposed to
accépt an assignment to this "80 score' program fﬁan to other proé;aQS5 since
this "80 ‘score" program is his least desired preference,

A

A T-scaling of each student's preference scores in'terms of his own

\

1The reader will recall that students rated each of 12 programs on a
zero to oag hundred scale. !

*' !




mean and standard deviation will eliminate the relativity problem just

described.2 This conversion will express .each student's preference scores

in terms of his own relative affinities for assigmment; i.e., those programs
the student s most disposed towards will Lave scores greater than 50, and

those he'is least disposed towards will hdve scores of less than 50.2 Indiv-

.

idually T-scaling program preference scofes, however, only solves one dimen:
sion of the relativity problem being face\.
Although a student might be positively disposed Eowards a particular

program, the strength of his disposition migkt not be as great as another

student’s,. This comparative factor is?khg,second type of relativity problem
] . . . ‘?“

that is operational in the preference scores collected, even if they are

individually T-scaled:h If one accepts the asSuqﬁéion that the ;tpdent with
the 'stronger prefererce should be.a9sfgneq to tpé,p;ogram first (éi§en that
someone will eventually haYe to be closed dut of ;he.program due to ghe limits
set), then one must find a ;ay.of’dealiﬁg with this secothrelativiéy problem
which does not cbabromise thé solution that has been obtained for the'first.
Although several alterﬁatiQe procedures most likely exist, the one developed

’

by the present writer is given belowe ‘ ) . ‘ ] “

‘

1f one took all the preferences for a particular program and T-scaled

them using the mean and standard deviation of the group, then each student's

. N

T-score yould express the strength of his desire to be assigned to that pro-

gram relative to the desires of other students in the group.- This second

o . \

1 A T-scale has a mean of 50 and a standard deviation -of 10. Since a
T-scaling is only a transformation of the data, both the order and distance
between preference. scores is maintained. -

ol .
. 2 Although large differences were found between the means and standard
deviations of individuals, no significant differences were found betwaen the

means and standard deviations of males and females.as a group. This result
"wag a prime factor in the rejection of the sex difference hypothesis earlier.

25 " .
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group-normed T~scaling of raw preference scores would create the following
logic table in relationqgip to the individually-referenCed T-scores previous-
ly obtained. ' ' .
\ . ’ " 3 . -
Individual's Preference for v 7
Program in Relationship to )
his Other Preferences. . P
el . -.*- . " v
(£50) (> 50) ) .
. P N ’\ » - i
, Strength of . i . g :
Individual's _ . . .
Preference for (<-50) -/ - +/ -
Program as Com- ' ) - . -
pared with Other + 7 . ' /
Student's Prefer- _ - - - signs given ’ e
ence for the Pro- (> 50) ff h [+ /I individual ’ .
gram. . . i . by group

What' becomes obvious from the table giveﬁ above is that''using either T-score
by itself (group or individually-referenced) to make program assignmé%ks will ‘
- . 4 .

lead one to exclude sfudents from programs that one does not’want to exclude.

-~

For example, if a student's prefereqce for a program was high (+) 1in terms of

his other preferences, but low (-) in terms of the group's desire for the

-

program, "one wouldkun:want to exclude this person from the program in favor

of someone who was high in terms of group preference, but low in terms of

T
individual preference. What becomes evident, then, is that a procedure is

-]

needed for combiﬁing a student's group and individually-referenced T=scores

into ene index that expresses the correct rank order of assigning students to

-

a particular program so that the erxots of misplacement can be minimized.;

This needed procedure is the new scaling method referred to at the beginning
. of this paper. From this method, one.obtains 12 indexed scores for. each student

which reflect the logic of the table given above, and these Indexed scores are

the values used to assign each student to his 8 programs by the algorithm
N ) ) /

v -
g
-
. v .
-~
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deviseds With this scaling procedure,.one has all that is needed for a solution

. -

to the assigmment-by-preference problem, since the scores that it produces gibes

one the information one needs to make the correct assignment decision for any
person or amy program in terms of the governing criteria. Given then that the
basic logic uﬁderlying the assignment-by-preference solution has been brought

to a clear énough conclusion, the details of this scaling method can now be
ﬁresented._ - . ! ,
Any attempt t; combine bipolaruaéfa'guat contend with the problem that
basic ;rithmetic operations do not produce logically uhi;ue scale poiﬁts.1
For example, a student wh: is slightly negative towards a program in terms

of the grouﬁ’é desire for admission to the program, but highly positive towards

.

’

the prograﬁg&p terms of histown preferences for assignment should not end up

*om having_a-combingd~§core that is the same as a student who has the opposite

Coemd :\

. N ’--u;._ . bl ’
characteristicse The present writer, therefore, developed an &quation whicgh-

X
B

produces unique ‘and proportional scale scores for each +/- and =/+ combination.
L} * «
These latter combinations arg; of course, the crux of the problem, since -/-

T and +/+ combinations posed no difficulty. The equations for all four of the
bipolar combinations in the logic table previously presented are given belqw:z
. \ . 4
.. ’ . ‘ ’ s
(1) General form for the positive-positive category:

X =LBC. +(T_ -T )4 (T, =T, -
. s 1 8T, gr’ . Tir ir®
wheres
’, Xs = resulting scaled score :
- : . o

) 1 This point is true for bo}h signed and unsigned data. . ,

2 The reader will note that the equations given are set up like a computer
programsi.e., they assume that the values of the student's two T-scores are known,
thus allowing the. corréct scaling equation to be chosen based on the logic cdtegory
the two scores represent. :




SR St I T e

LBG1 = the lower bound éonstant of the category; in the present case
- ' ' 600
'1‘8.r = Group-referenced T-score for the person for this program.

3

. - o o
’ Tgr -= 50, the mean of the T-scale
T, =‘Iudividually-referenced T-score for this person for this program

= 50, the.mean of a T-scale .

=t

ir
(2) General form for the positive-negative categorys:

= = ' 2 A
X -‘LBG?Z + Bl[ ('rgr - 'rgr) + BZ(T.ir +T,) ]

’ ' -7

B, )

where?

2 the lower bound constantj in the present ¢ase 500 .

B = category scaling constantj in the present case 1000

5
i

B = the within factor scaling constants in the present case 15

B, = category scaling constant; in the present case .67 .

~-(3) . Genexal form for the pegative-positive Categor§: N

...'_ I 9 = C .
xs'-LBc3+B1f\(Tir-Tir)+B2(Tgr+Tgr)] . - .

5 ' !
4
wheres$ » . "
a.;LBC3 =hthq_£9wer bound constant of the category; in the present

case, 400

(%) General form of the negative-negative category: -

X_ = UBG, - ('rgr - Ty) - (T, - T ‘ ,

wheres ' ‘ . .
UBC4 = the upper bound constant of the category; in the present
. . o case; 400

\,

Application of the above equations will produce scaled preference scores for

3
ra
v




each student for each program which are in the follawing forms

| 4 . R e

[}

A score from:

300-400: indicates a preference whith is negative in terms of the student's
desire for assigmment to the program (individual reference), and
negative in temms of a student's desire for thé program relative
to other students' desires for the program (-/-). The lower the
score, the more negative the student is. Obviously, these are
the last students you would assign to this program.

’ s
400-500: indicates a student who is negatively disposed towards the program
in terms of his other choices, but positively disposed towards the .
program as compared with other students (-/+).’ These students Lt
would be, second last to be assigned to this program. '

. 500-600: indicates a student who is positive towards assignment to this pro-
’ gram in terms of his other preferences, but low in terms of his ~ o,
position in the group of .people who would like to get into this
program (+/-). These students would be the second group of people «
assigned to this program. . ‘
A 4 .
600-700: indicates a student who is positive towards assigmment to this
program in terms of his other preferences, and high in terms of _
3 the group desire to get into the program (+/+). ' These students
/ would get assigmment to this program first.-

In temms of the original logical table given, this. scale may be expressed as:

4

Individually T-scaled Scores

S . . ‘ ] ¢ . -
. R S+
(£50) ( »50)
- - [ = +/ —

Group (<50) 300-400 * 500-600 signs given
T-scaled ) ¢ : individual
seated. by group

Scores + N
¢>50) 400-500 600-700

-

¢
-

2

.

- . %y |




Scére values on the scale just presented cléarly indicate the degree of
student satisfaction that wiil be obtained by a particular program assignment.
Values on tﬁis\scale also indicate a student's assigmment priority in terms of
both group and individual demands éor a program., Therefore, sin;e satisfaction
and décision-making are both psychological constructs, tﬁe scaling procedure

- described in the present study has been named the IGP scoring technique by this
writer (Individually-referenced, Group-referenced, Psychological composite).1
k&his scoring technique obviously has applications to other problems involving
the use of bipolar data.2 Further, as the IGP technique vector indexes the
Qalues of a given logic table, the output from one table may bé used as the
input to another. An example’of this double-indexing strategy is the sequencing

statistic developed in the present study.

- Extensive computer simulations were run on the scaling equations presented

in this paper to check them out through all possible combinations of raw score

" values from‘zeio to one hundrgd.3 In all cases, unique scale points were pro-

-

duced. Figure 4 presents‘'a representative sample of these simulated values for

equation (2); i.e.,'the"Bbsitive-negative category. As can be seen from Figure '

)
~
- -~ L -
(3 . A

o~
Fl . .

Shether or not one agrees that raw preference scores are psychologically
scaled by the procedure outlined in this Baper is of little real importance,
The point of importance is that the IGP scoring technique provides a procedure
for equitably resolving the issie of who should gain admission to a particular
program. ' This issue, after all, was the crux of the problem given the assign-
ment requirements and restrictions previously outlined.

‘
2Meaningfully indexing factdr scores or demonstrating various kinds of
changes are but two example that come to mind.

3Although T-scores almost always range from 20 to 80, these values were the
logical limits of the equations presenteds The reader should note, however, that
if T-scores greater than 80 are observed or expected to occur in the data, the
category boundries in the equations given should be made at least 200 points apart
to ensure unique scale points and scores acroos all of ‘the people in the sample.
As preference distributions were negatively skewed in the present study, this point
posed no problem, nor .should it in most instances. .

30




. Positive Value . Negative Value ] Scaled Value-
. .
: 50.0 0.0 6384300
50.0 5.0 638,295
50.0 1000 . , . 6380290
50.0 20.0 - ‘ 638,280
5040 30.0 . ) 638,270 ’
50,0 35,0 638,265 ‘
-~ 50.0 .40.0 . > '638.260' . - «
50.0 49,9 . . © 638,250 :
5005 000 ’ ) 6390061
50.5 20.0 ‘ 639,041
50.5 30.0 639,031
5005 40.0 ’ . * : 6390021:
50.5 45,0 . 639,016 .
50.5 49,9 639,011
51,0 0.0 639.830
51,0 30.0, 639.800
"-51.0 . - 40,0 . : s, 639,790
51.0 49,9 - 639,780
«, 6000 ’ : OQD ’ 654. 950
’ 60.0 " 49. '654. 9004 ; . ’ £
*?ﬁ 250
80,0 " . ,{{‘000 697.250 )
80.0 S 07049, 9 697.200 .

Figure 42 Representative values from equation (2); the positive-negative
- . category of the fourfold IGP logic table. ‘ '

~
4, the rank order of the positive dimension of this category is aéiﬁtained across

. \-\‘ -
the resulting scale values, and logically negative raw scores cause discriminations -

to be made only betwéen students who have the same positive dimension scores. IQF

€ . - e o T T . R
way in which negative dimension scores cause dsicriminations to be make in equation

(2) is simply the result of a décision made by this writer based upon the psychol-

ogical considerations involved in the problem.2 This dec¢ision, of course, could

“m 1

be reversed: given the need or the predilection.

»

1AmOng other things, this writer did not want a student wo tended to use the
- lower parts.of the scale to be squeezed out of a program by a student who tended
to use the upper parts of the scale.

- ~29- |
31 -
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Usiﬂg the preference data collecteé in ége present study,‘resultinécgpaled
scores were also testeﬁ fbr‘intervalfpy and iinearity by ;he procedu#es‘outlined-
before:s When the séﬁare roots of the poi}nom%als‘iﬁ’equations (2 apd'(3) w;rg,
uséd; the resulting scéle values were foﬁnd‘to be approximately iqterval-aﬁdliénc
ear ;ithin the normal boundries of a T-scale (i.e., values 20 to'80).1, 3;yond
g thesg_fiﬂdings,,s;&eral other points ghSuld'perhaps ﬁé noted in passing. First,
the equations given are ;nIy one of many’séts gf‘equations that could be used to
solve the bi;dlar scaling problem, and a far more elegant set most likely exists.

The second point that should be noted is that the solution to the plus-minus com-

bination problem comes from the weighted polynomial in equations (2) and (3), and

the weighting constant of 15 seems to be a necessary value. The last point that

should be noted is that the equations given work empirically, and this, if nothing

N
-

else iustifies their usage. Given this fact, then, the assignment-by-preference

algorithm devised may be presented. -

$o

The Assignment Algorithm . )
kN ] . &

Once 12 IGP scores have been ogtained for each student, the assigmment process
is ready to begin. The’first step in this process is a T-scaling of each student's
IGP scores within the basic categories that comprise the "one from\éach" require-
ment. This T-scaling makes the four highest scores in eaéh student's string his

[ 4

four most preferred programs in terms of the "one from each" requirement.2 Using

A Equations (2) and (3) were left in their polynomial form in generating the
scaled scores used in the present study for tie-breaking purposes. Left this way,
these two equations Y;ll produce non-linear scores in the extreme ranges of their
respective categories, - .

2 An extra 10 point is added to each student's highest within-category T-score
to ensure that no errorg are made due to extreme or narrow within categories var-
iations. The réader will also note that this T-scaling makes every student's

: number one choice a "requirement," and that for some students, it could make their

top four choices "requirements."

Q ' = . -30- 32 - . , -




-

. §
these T-scores, students are now assigned to their four highest choices. Given

that only 1760 program assignments are being made to 3800 available openings, it
is highly unlikély that any student will not get his top four choices in this

!

‘round.l, B ’ . _

The next step in the assigmment process uses a student's original string oé
I1GP scores to assign him to ﬁis four remaining brograms with those programs he \
has already been assigned to zeroed out.2 Starting with the most popular program,
students are now assighed to those ;pening available beginning with the highest 600
score available and working backwards until either the programs limit or a score
below 300 is reached. 1If a score below 500 is encountered before the pro%ram's
limit is reached, the algorithm simply stops and goes on to the next program until
the round of all prografis is complete. This stopping at a score of 500 allows
students to gain as many positive programs as possible 'a;ross éll‘available openings,
and, at the same time, to have 8.program assignments before the next round begins.
. The nekt round in the assignment péocess focuses on those students whé é& not

have 8 program assigmments’ and those programt which are under-subscribed. Starting

with the least under-subscribed program, students are now assigned to the openings

-

v

1 If any closing out does occd{ from a particular program, the algorithm
simply goes back to the original IGP scores for the subgroup of students in
question, and assigns those students with the highest IGP scores to the avail-
able openings. The remainder of the students wanting the program are then
given their next highest choice within the category and so on until the basic
requirements round is completed. A

2 Besides eliminating students from consideration“6un programs to whichythey
have already been assigned, the placement of zeroes in their strings of IGP scores
also allows a lot of book-keeping to be done. How many openings are available in
- 'a particular program can be quickly determined from a count of zeroes. How many
program assigmnments a student has on any given pass may also be determined in the
same way because every time a student receives a new assignment, the new program
is also zeroed out in his string. Once a student has 8 zeroes in his string, he
is, of course, eliminated from the process altogether,

f
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tvaﬁg%ble beginning with the highest 400 score and working backwards until either

' the program's quota or a score below 400 is reached. If a score below 400 is
encountered before the program's quota is reached, the algorithm once again stops
and goes on to the next g;ogram. Hopefully, most students have 8 program assign-’
ments by the time this tnird pass on programs is compl_ete(1

Students who do not have .8 program assignments at this point have scores in

the 300 category for all of the under-subscribed programs remaining. A minimiz-
ation of the degree of negativity present in each underjsubscribed.program, then,
would be the goal of tnis round. Therefore, starting again eith the least under~
sﬂﬁ%cribed programs students with scores in the 300 category are now assigned to

the opening remaining beginning the the highest 300 score and working backwards

until the program's quota is reached. Once this round of under-subscribed pro-
grams is complete, all students will have 8 program assignments.
Obviously, the degree-of-fit‘obtained by the algorithm just described is the

outstanding question at this point. Table VI presents the distributions of initial

~
-

demands for programs that were observed in the present study arranged by IGP score
tategories, As can be seen from Table VI, "male" programs exceeded their 1imits
(295 students maximumj in the positive categories, while "female" programs were

extremely under-subscribed and had a great number of students in the negative-

3>

negative category. The number of -/+ and +/- students who might have been wrongly

1 If all students were assigned to 8 programs at this point, the algorithm
would of course stop.

)
-
” ¢

2‘In situations where there ‘are equitable distributions of choices for pro-
grams, there should only be a few students needing only one or two programs in
this round. The conditions that tend to produce a large number of students
needing 2 or 3 assigmments in tHis round are students who have 3 or 4 extremely )
high program choices and no difference in preference on the rest, or students
who are ‘extremely negative towards more than &4 programs.

~
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- ' ) Table VI -

- . [

Distributions of Initial Demands for Programs

o (=19) +/-) (-/4) (+/4) Limit
300-400 400-500 500-600 600-700
k * _

Culinary Arts 181 16 20 223 295
Health Services 235 61 1 143. 295
Horticulture 226 27 11 176 295
Commercial Arts 226 8 0 130 295
Distributive Education 165 15 25 . 235 295
Graphics 197 47 16 .+, 180 295
Electronics - 161 16 22 241 295
Instrumentatioh < 19 98 1 147 295
Power Mechanics 122 1 §3 262 . 295 .
Building Trades 87 -’ 3 66 284 ° 295
Metals Fabrication 111 2 57 270 295, - A
Machine : o137 A 9 ‘28 266 295

halndadaindedeteded S Sutndndnd ( ------ infntedeindatedndededndededadaded et ed -‘-‘--- --------------- ndadaiaded i ’

Programs arranged in terms of the four basic categories that comprise the
Yone from each' requirement for ‘all students.

assigned if raw scores alone were used can also be easily observed from Table VI.
Fitting~students to programs with demand distributions like those given in Table VI
. s
would be a difficuft,task'under any set of restrictions, let alone those that were-
operational }n the present study. If nothing else, at least the nature gf the
debis@ons one is making is clarified by'the;scaling prdbeduré'developedlfor use iﬂl
the present study.
/

Table VII presents the results of the "basic requirements” round in the alg-

A ’. q
orithm previously presenteds As can be seen from Table VII, no student failed to

‘
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Table VII E

.

Program Assignments on the "Basic Requirements" Round

. —— ‘

(-1-) . ) (- M) - Total

300-400 ° 400-500  500-600  600-700

*

Culinary Arts 33 4 13 106 156
Health Services 32 15 5| 98 146
Horticulture " 28 10 - 5 95 138
Commercial Arts 27" .18 - 0 . 86 131 .
Distributive Education 13 3 13 144 173
Graphics . 22 6 8 & 100 "136
Electronics 18 - 2, 9 . 131 160
Instrumentation . 21 .15 0 86 . 122 .
Power Mechanics 6 o 30 . 122 158
Building Trades 10 0 - 26 o107 13
Metals Fabrication 8 - . o . 14 89 . 122
Machine 21 ¢ 2 - -2 161 ;198 |

* N .
~ Programs arranged in terms of the four basic categories that comprise the
"one from each" requirement for all students.

£

receive his top four required choices. The reader should also note, ho&ever, that

required assignments act to consume places in certain programs. This consumption

of places by required assignmeﬁts will prevent some students who are positive
towards the most popular program f?om gaining access éo’tﬁem. This outcome, unfor-
tunateiy, is unavoidable given the "ohe from each" restriction.

_ Table VIII presents the final résults«achieQed b& the assigmment algorighm
previously deviseds 1f Eable VIII is read in dbqjunctiaﬁ'with'Table VI (initial

demands‘distributiops), one can’ see that no +/+ student was excluded from any pro-

gram. A large percentage of -/+ students d1d not receive assignments to four of .
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' - Table VIII
Distributions of Final Porgram Assigrnments for Students.
. s
. (-/-) +/-) (-/+) GH) Total

{ , . 300-400 400-500 500-600 600~700
-Culinary Arts 36 i 16 - 20 223 295
Health Sérvices 90 61 1 . 143 - 295
.Horkiculture 87 11 .21 176 295
Commercial Arts = 81 84 0 130 295
Distributive Education 20 15 25 235 295
Graphics 52 47, T 180 295
Electronics 18 14 : 22 241 295
Instzumentation 49 98 ) 1 - 147 295
Power Mechanics 6 0 " 27 " 262 | 295
Building Trades 10 0 . 26 259 295
Metal Fabrications . 8 0 17 270 295

Machine 21 2. 6 266 295 7

fhe_ﬁ;ograﬁg they desired, but this result is due in part to the basic requirements
restriction and the ﬂigh demand for these programs. The number of -/- students that
were actually assigned to programs, however,‘ie exceedingly sﬁall in comparison to
the expected rate of 145 students per pregram. Further, this expected velue ishonly‘
éxceedee in twe instances 1if one incleees'the +/- seudents in the count as well.
Given that the scaling procedure developed in the pfeseet study highlights negative
values w@ereae ranking methods disguise them, one would have to say from the results

. 7
presented in Table VIII that more than a reasonable degree-of-fit was achieved by

A}

the algorithm devised. Further comment on this point,, however, will be held in

abeyance until after the program sequencing material has been presented. .

4 . £
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Sequencing ‘Program Assignments *
Once all students have been assigned to 8‘programs, other data is used /

to determine how these program assignmehts will be sequenced for each s:udent.%
The first factor that affected a student's sequence of programs was his status
in terms of minimum academic skills that were required for certain vocational

programs (Electronics,Instrumentation and Power Mechanics). If a student.did

not have the m n skills needed for one. of these progrags, and he was ass-
igned to that pgogram, the program was to be placed in the last half of the
school year foy the student so that requisite skill-building time was gained.2

Comparable cr térion-referenced data was therefore collected on students as

the first-stef in a solution to this sequencing probleme The science, language

and Mabilities' dé;a collected was then T-scaled and summed to form the first
dimension of a four fold logic table.3 Thg math data collected was then T~
scaled and used as the second dimension of the logic table.4 This logic table
;as then scored by‘the scaling procedure previously outlined to produce an IGP
skills score for each students This skills scote was then used as the first
dimension of the next logic table.

The second dimension that entered into the sequencing question was the

-

1 Obviously, if the requisite data is unavailable, programs are just

raédomly sequenced at this point and the process stops. . ¢

2'If the student was.assigned to all three of the programs mentioned,
atl:three would be put in the last half of the year for him, .

A ~

3 Summed scores were divided by thg number of variables involved t&‘keep
the resultant mean at 50. o '

¢ . >

-

Poor math skills kept a student out of all programs whereas the other
variables were deemed by the school to”be only of secondary importance,




] .
afféctive disposition of the studente If a student was highly alienated from

- R M d‘
school, this student was to be given his most preferred programs first, except
if he did not have the minimum skills needed to succeed in these prograﬁgo
Alienation from school data was therefore coliécted with Heussenstaam's scale .

and this data was T-scaled to form the second dimension of a new\logic table .

with the IGP skills scores. This second order table was then scored by the
] f

scaling procedure previously outlined to give the sequencing index needed for

. 7. .

a solution. Using this index, student program seq@ences.were then constructed
" beginning with those students lowest on the scale (most difficult to obtain

the correct order for), and working forward until all degrees of freedom were

. - : -
lost. After this point, the remaining students were fitted into the available.

patterns left.
Although all students were now assigned and sequenced, various hand a?—
Justments had to be made at this point for the special-needs students in the
’ schoolls population. Schéql officials felt that some of the progﬁgm assignments
these students had were unsafe. . Therefore, these special peeds students were
removed from the programs in ques;ion, and ﬁlaced a second time in their most .
preferred progréms. Students with 500-600 prefé;gﬁce scores were, placed into
these vacancies if a "c%psed-out" had occurred, and if the student's '"one
from each of the four categof{:$“ requireme;t was not Yiolaged. Otherwi§e, &

v A

vacancies were left unfilled. , )

L
'

4 .
It is interesting to note at this point that. even under an assignment-

by-preference modgl, there are compromises and a need for decision-making
criteria which eqhiFably resolve conflicting desires. Nof all students who -
really want a program can be assigned to that program in all instances, due . .
to the restraints of the physical resources available, state lawsy and the 7

philésophical requirements of broad exploration. lAdditionaliy, not all students

’ ‘n
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who detest a particular program can be kept out of that program in every Y
instance. The realities of having to bring some programs up fo subscription .
in oxder to keep them running and deal with the "close-outs" ‘from other” gro-
grams impinges. Further, not all students can be handled .under the general '

algorithm devisedji.e., students with spetial needs, however defined, must. b&

dealt with on.an individual basis by a human decision-making mechanism, In

A

spite of these limitatioms, however, it is remarkable.how well the ideal °

situations can be approximated the algorithm devised. . Co ,. .o

Methodologz - :‘ ’% « .'?. ) e f »f-'V_O"'“

. Data on 36 variables were collected from 440 students in three’diffenent -

testing sessions over a five-weekvperiod.' Testing\schedules”;ere different fii‘

for various groups of students as the data was collected at tomn shtes (12 in o
_ “ k

all). As previously mentioned, criterion-referenced math, science, English Co

o
»

and reading data were collected from students in addttion to the program

)
P ERY

preference data obtained, The number of Qbservatibns in the latter instruments

. - ‘

ranged from 25 to 75 multiple chéice items per test. Random samples of iteéms, . .

were drawn from the non~verbal reasoning, verbal reasoning, spatial relations,“
[y ’ . - v N - N Lt M B .

T "and mechanical reasoning subtests of the DAT, and administered to students..

,

~ v

The size of these random samples were 33% of the DAT subtest béing sampled.
. Data from Heussenstraam's alienation from school scale wag also collected, as

was Jother data for school planning purposes.1 o . . . .
: "o . [N '

Results B .

Several results have already beenpresented in this paper, but it would

0y ~
N

seeh pertinent to examine a few more before drawing any conclusions. Table IX

.o {

. f -
‘ - .
. . ‘ - N
-y . . 0

‘wape? 1]
. 1 The reader desiring fuller details of the instruments, procedures and
methodology used in-the present study should contact this writer, c

’ 3
4 . - ~
‘ . L4 ’
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presents the factor structure of raw preference scores,sex, and other selected

-

4 variables.1 As can be seen from Table IX, the data matrix analyzed seems to

-

reduce into male, achievement, female, and bisexual factors.% The independence.
* observed betwee&‘achievement variables and program preferences in Table IX is

consonant with other findings (Tiedeman and O'Hara, 19633 Maduas and-O'Hara§1968),

*

K3

E

and indicative of the fantasy stage of vocational development, The relationship
. between sex and preferenccs for programs that may he observed in Table IX has -
already been discussed, This traditional sex-role stereotyping of choices

(Factors I and III)'is also well ,documented (Siegal, 1973)., What is interesting

“to note in 'Table 1X, however, is that a subsample of males and females seem to

be present in this growp of ninth-grade students who do not seem to conform to

the tragditional sex-role stereotyping pattern. Further investigations are pres-

ently being conducted on thisf subsample of students to see if some light can be

I'd
’

shed on this result. ' ' _ e
Another result that may be seen from Table IX is that students do not

organize these 12 vocational programs into the same number or kind of cate-

'

goriesthat the school does. Other analyses revealed that females tended to

have only three categories whereas males tended to have five. - Overall then,
-~
2 one could say that Table IX provides strong evidence for the validity of the

+

categorical measuring procedure used in the present study.

s 3

1 Principal-component, unity in the diagonals, eigen cut-off value of
1. 00 .analyses were performed throughout.

2 The reader should note that the .sex variable was score 1 for males

and score 2 for females.
4
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- F.aCtj._dr Structt;re of Raw Prgference Scores and Selected Variables

>

T4

Tab,le 1X

<

LR
~1
3
w

Varfable: 1 11 111 v n2
CSex g8 02 s 2 . 0
Hec‘hanicial Reasoning -23 | 65 -17 C-03 50
Verbal Reasoning -06 65 14 \ -13 45
Non-(\f;irbal Reasoning, -06 3 00 07 57
Spatial Relationsy 00 65  -20 17 49
Math Achievement 09 _ 718 06’ 08 63
Science Achi?\’lement 08 79 08 01 63
English Achievement ° 3 2_8_ 19 . O 2&3
Rea;ii:ng ‘Achievement 02 80 11 . 01~ 66
School Alienation -01 ‘12 - <02 ~43 20
Culinary Arts 05" 00 80 -04 65
Health Services 37 00 _§§ ) 24 63
Horticulture k 06 04 Q .07 50
Commercial Arts 23 07 38 5 51
Distributive Education -02 13 63 2 45
" Graphics -08 12 23 70 56
ElectroniCS‘ . -68 08 -15 32 61
Instrumentation -35 13 01 57 ,47 .
.'Pov;er Mechanics 81 02 15 oL 70"
Building Trades -66 17 177 -08 50
~Met:al tFabrications -_8;.1 00 -13 07 72
Machine . -78 05 03 04 62
Cc:nt;ributions ’ 18.8 11.9 7.4 55 ’




Table X

-

. . ) “
Factor Structure of Scaled Preference Scores and Selected Variables

Variable , 1 I mI w v R
Sex 8 00 12 12 .07 72
Mechanical Reasoning =26 =65 12 00, , 08 51
Verbal Reasoning © - 02 66 02 -14 \-03 46
Non-verbal Reasoning , 03 =74 00 12 07 57
Spatial Relations .-~ ' .12 .62 .04 35 15 54
Math Achievement 00 -80 --06 Q0 -07 64 .
Science Achievement . 00 -80 01 00 -02 - 64
English Achievement 33 -5 00 -08 03 45
" Reading Achievement . 08 -81 05 05 -06 67
School Alienation ' 03 -08 04 -10 90 83
Culinary Arts 51 00 42 .21 03 48
Health.Services 1% 04 14 00 -04 56
Hor ticulture 50 01 35 .08 05 .38°
Commercial Arts 5. 01 05 4 02 "S5 -
'Diséribuélée Education ‘ 45 -16 -03 -31 -24 39 ‘
‘Graphics , - . 15 <09 -08 73 -13 58
Electronics - L 250 02 -46  -26 <16 55. ‘
Instrumentatfon .01 -07 -85 02 02 74 .
Power Mechanics ~ cw . 15 03  -11 -17 00 61,
Building Trades =56 -15 26 -07 25 4
Metals Fabrication .=80 -05 01 05 07 - 65
Machine’ =11 <04 11 -07 03 52
Contributions: : 21,4 18.8 6.4 5.5 47 58

“Fh
]

Table X presents the factor structure of scaled preferencekscpres, sex, and

i

other selected variables. As can be seen from table X, the scaling technique"
_employed in the present study acts to accentuate and clarify the findings pres-
ented in Table IX and discussed above. This demonstrated property, therefore, gay .

v

be one of this scaling technique's advantages as a scoring procedure.

-41-
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The last result to be presented ob&iously concerns the goodness—of;
fit achieved by the ;;signment algor?éhp devised. Satisfaction-with-assign-
ments data wggvno£ directly.solicited from_students.1 Rather, complaints
abo;t program assignments were kept track of by the school's Student Program
Co-ordinators, and a siméle r;tio deve10ped.2 In all 12% of the student
" population registered complaints about one or more program assignmentss inter-
views with 7omp1aining' students, howevery revealed that they.were making com-
plaints bésed ot inaccurate information. .Hany complaining students thaught

that they only had to study as many programs as they wanted to in their first

year at the school. Other complaining students were completely unaware of
the*“onk from each of the basic categories" requirement, and thought they could
study any 8 programs they wanted. Once tbe various requirements were under;
stood by these cq@plaining students, how;ver, their assignments seemed to

make sense to theme A re-analysis of preference sgores revealed that about

28i of the s;udéhts in, the sample haé only 2 or 3 true program choﬁfes (the .
rest being zeroes), or no program choices in one or more basic eategories

(the entire category being zeroes).3 Aside from being.a source of invalidity
in the present data, this result is the factor that brought about the changes
in the preference data collection format and orientatign program mentioned

earlier. Given this confusion, however, it would seem that the assigmment

algorithm devised succeeded in obtaining a good-£fit for the data collected.

.

o
.

@

1 It wasddecided that this procedure might be too reactive, and, Hue
to other gensitive school issues, set off some undesirable events. '

«

. 2 Student Program Co-ordinators are similar to guidance counselors,
and work closely with students on a dafly basis in’ the school.

3 Another source of complaint from students was that they received only
2 out-the 3 possible assignments to be had from a particular category. This
outcome may in part have been due to the aberrations in the data just described.
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Gonclusioos'
It'wouldfseem that three conclusion$ could be drawn from the present
study. First,'the'sealing procedure developed for‘;se with bipolar deta in'

" this study provides a technique for making such oata both meapingful and use-~
ful. This procedure would seem to have applications to oany other situations.
The second conclusion to be drawn from this study would seem to be that re-
gardless of the program assignment model used, there are compromises that
need to be made, and there is a need for explicit decision~making criteria
which equitably resolve the conflicting goals operational in the situation.

Given a'clear specification of the problem and ekplicit deoision makinéigxi-

teria, however, it would seem that the present study does demonstrate that

solotibns may be developed which effect desired eoucation\policy,nsugﬁ as

the assignment-by-preference algorithm that has been outlined in this paper.

The third conclusion that could be drawn from this seﬁdy is that meas-
urement, psychology, and computer science have much to offer schools in ef-
fecting their philosophical, programmatic, and operational desires when they
are viewed in a different perspective; i.e., as problem-solving technologies.

R
Further efforts, therefore, would seem to be in order alopg these lines.-

»

Thié writer would like to thank Mr; Ronald Biron for his valuable and
extremely able assistance on this project. He would also 1ike to thank all

those people who made comments on the initial draft of this papere
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